A long-term vineyard cultivation experiment, comprising six tillage treatments which represent a "conventional" cultivation group as well as a group of "minimum" tillage practices, was started in 1968 at Nietvoorbij Experimental Farm of the OVRI, Stellenbosch. The first group included (i) the "shallow trench furrow", (ii) the "deep trench furrow", and (iii) the locally customary "clean cultivation" systems, and the second group comprised (i) a straw mulch cover on the soil surface, (ii) chemical weed elimination by herbicides, and (iii) a permanent "sward" of indigenous weeds.
The favourable alteration in a vineyard of physical and moisture conserving soil properties under dryland conditions, as induced by three "minimum" tillage methods in comparison with a "conventional" tillage practice has already been reported (Van Huyssteen & Weber, 1980a , 1980b . However, the real criterion of success or failure of a soil cultivation measure is not the change accomplished in the soil per se but the response of the crop. Steinberg (1973) used shoot mass as an indicator of growth vigour for vines, and obtained a 94,4% higher shoot yield by means of a straw mulch in comparison with clean cultivation, a result apparently due to differences in soil moisture availability. According to Kasimatis (1967) , and Van der Westhuizen (1974) , a drastic decrease of the shoot growth rate, and an accompanying shortening of the internodia, occur when the soil moisture content approaches the permanent wilting point. In addition to shoot growth, Tarlapan (1965) used bunch mass and yield. These three parameters were higher on plots where herbicide applications replaced or supplemented soil cultivation, than on plots having received four cultivations. Grbic & Zorsic (1963) , and also Nedeltchev (1965) , compared yield and berry quality of vines from differently cultivated soils. They found that when using herbidices, summer cultivation of the vineyards can be reduced to an absolute minimum or even completely omitted, with no adverse effects on yield and qUality. Quidet, Trespeuch & Vial (1967) could also not find any differences in yield between mechanically clean cultivated and herbicide treated vineyards on different soil types in France.
These examples indicate that mechanically clean cultivation may be redundant. A long-term research project for studying the effects of different cultivation methods on a vineyard under dryland conditions was, therefore, initiated.
MATERIALS AND METHODS
Experimental site, design and treatments: The effect of six cultivation treatments on soil physical parameters and the response of wine grapes was studied in an experiment, discussed in detail by Van Huyssteen & Weber (1980a B6 were given by Van Huyssteen & Weber (1980a) , and treatments Bl and B2 were as follows:
B 1 : A shallow trench furrow 150-200 mm deep was ploughed every year in alternate inter-row spaces. Prunings were put into these furrows, and ploughed under. In the other inter-row spaces a cover crop was grown, as described in the paper mentioned above. Weeds on the strips underneath the vines were hoed by hand. Growth of weeds in the inter-rows was controlled by disc-harrow as often as necessary during the growing season of the vines. B 2 : Similar to Bh except that the furrow was 250-300 rom deep.
The latter two treatments, together with the clean cultivation treatment (Bs) using the disc-harrow, represented the "conventional" group of cultivation practices. The so-called "minimum" tillage methods comprised the previously described straw mulch cover on the soil surface (Ba), chemical weed control by herbicides (B 4 ) , and a permanent sward of indigenous weeds and grasses cut frequently with a rotary bush-cutter (B 6 ).
Vine performance measnrements: Six years after planting the vineyard, root counts were made simultaneously with pedological profile studies in pits dug 0,4 m from the stem of a datum vine. The thickness, as well as the position, of each root in the profile wall nearest to the vine, were plotted on graph paper. For shoot growth measure-S. Afr. J. Enol 
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ments two bearer shoots of comparable vigour on each of ten data vines were chosen randomly on every plot of the first replication. The lengths of the twenty shoots were measured at weekly intervals throughout the growing season. The mass of shoot prunings obtained from each plot was measured in winter for five consecutive years (1973) (1974) (1975) (1976) (1977) (1978) . During three seasons (1974/75 to 1976/77) , two leaves situated between the third and fifth intemodia of the data shoots were picked in mid-January, washed, and dried as described by Beyers (1962) , and their macro and micro element concentrations were determined by means of standard automated analysis procedures, as employed by the OVRI. Grapes from all treatments were picked on the same day. Until 1975, grapes were harvested and weighed at a soluble solids content of 200B but afterwards at a soluble solids/acid ratio of 2,5-3,0, which is regarded a better indication of optimum ripeness (Du Plessis, 1977) . Total soluble solids (TSS) in °B, total titratable acidity (TTA) of the must in g X £-1, and pH of the must, were determined according to standard OVRI procedures.
Grapes from all replications of each of the Bb B3 and B6 treatments were pooled per treatment to make experimental wines, which were subsequently judged by a panel of experienced wine-tasters according to standard OVRI procedures, as described by Tromp & Conradie (1979) .
Eventually, an attempt at evaluating the different treatments economically was made, using cost and benefit data obtained from the Department of Agricultural Economics of the University of Stellenbosch.
The results of all determinations were subjected to analyses of variance and averages compared according to the Neumann-Keuls method (Snedecor & Cochran, 1969) . RESULTS AND DISCUSSION Responses of root growth to treatments: The density of root distribution under the different treatments is depicted in Fig. l(a-d) . Table 1 presents the results of actual counts for the different root size classes. From these figures and the table, large differences between the treatments are evident. It appears that roots of all sizes were abundant under the herbicide (B 4 ) treatment, and frequent under the straw mulch cover (B3)' but comparatively rare under the clean cultivation (Bs) and sward (B6) treatments. In all profiles, single fine roots were only occasionally found deeper than 750 mm, this being apparently due to the extremely high bulk density of the 700-900 mm layer. On the clean cultivation (Bs) plots no roots were found at depths shallower than 200 mm, which is the general tillage depth. This observation also applies to the permanent sward (B 6 ) treatment. On the other hand, the upper 200 mm soil layer is well rooted under the straw mulch cover (B3)' but comparatively densely rooted under the herbicide (B 4 ) treatment.
Elimination of weeds with herbicides (B4)' therefore, not only induced the highest root density in general but also the occurrence of the greatest number of medium sized (5 -1 mm) and very fine « 0,5 mm) roots, especially in the upper 200 mm soil layer, where very fine and fine (1-0,5 mm) roots were predominant. In contrast the presence of weeds on the B6 plots provided sufficient competition to suppress root growth of the vines almost completely in the top 200 mm soil layer. Consequently, the total number of vine roots was reduced to 50%, and the number of medium and very fine roots to only about 33% of those found under the herbicide (B 4 ) treatment. •. The root growth response to the clean cultivation treatment (B5) is also notable. Fig. 1c and Table 1 indicate that the repeated tillage down to 200 mm depth prevented roots from penetrating that layer, so that the vines could not make use of the soil moisture and nutrient supplies retained in this part of the solum. The 200-300 mm depth zone was also more or less inaccessible to roots, because of its extremely high density (Van Huyssteen & Weber, 1980a) , so that only the lower zone of the profile between 300 and 700 mm depth was available to supply water and nutrients to the vines. The dense traffic and tillage pan (Van Huyssteen & Weber, 1980a) would have impeded gas exchange, so that growing conditions for roots would have been poor. From Fig. l(c & d) and Table 1 it is evident that the root distribution was similar under the B5 and B6 treatments but that there were differences between the numbers of roots in different classes. Table 2 . The shoots of the straw mulch (B 3 ) treatment maintained the fastest growth rate during all growth phases. After flowering, the growth rate of shoots from the herbicide (B 4 ) treatment was close to that of the B3 treatment. Clean cultivation (B 5 ) and sward (B6) induced the slowest growth rate throughout the season.
Shoot growth rate was found by Kasimatis (1967) , and Van der Westhuizen (1974) , to be an indicator of moisture supply to vines, and this was confirmed by this study. The superior moisture conserving capabilities of the two minimum tillage practices, B3 and B 4 , were already reported by Van Huyssteen & Weber (1980b) . The slow shoot growth rates after flowering in the B5 and B6 treatments, and even in the B 1 and B2 treatments, are in accordance with the low soil moisture content in the soil, as was shown by Van Huyssteen & Weber (1980b) . This observation is also in accordance with the conclusion of Vaadia & Kasimatis (1961) , viz. that increasing soil moisture stress causes a corresponding decrease in rate of shoot growth, and vice versa. Pruning mass data are shown in Table 3 . Vines on the straw mulch (B 3 ) treated plots had a significantly higher mean pruning mass than those on all other treatment plots. This also applies to the individual 1972/73 and 1975/76 seasons. The mean growth vigour of the vines under the B10 B2 and B5 (i.e. the "conventional" tillage-group) treatments was very similar. In all seasons, the sward (B6) treatment produced significantly lower pruning masses than all other treatments. These results, as was to be expected, tally with the shoot growth rate curves in Fig. 2 .
The effect of treatments on the chemical composition of leaves: Although for three consecutive seasons (1974/75 to 1976/77 ) the straw mulch treatment induced a 16,0%, 22,3% and 6,7% higher nitrogen content in leaves compared to the sward treatment, these differences were not statistically significant (P ~ 0,05), nor were those for any of the other nine elements analysed (Van Huyssteen, 1977) . Analytical results are, therefore, not presented. However, the reduction in the uptake of nitrogen and phosphorous, as well as several other elements, in consequence of moisture deficits leading to lower concentrations in leaves, has been well documented by Begg & Turner (1976) .
Responses of grape yield to treatments: The yields of seven seasons (1971/72-1977/78) Permanent sward (B 6 ) consistently caused significantly lower yields than all other treatments. The detrimental role of weeds under dryland conditions becomes clear when comparing the yield of this (B 6 ) treatment with those of the weed control by chemical (B4) and mechanical (B5) means: the permanent presence of weeds on the B6 plots depressed vine yield by 68,2%, compared to B 4 , and 64,6% compared to B 5 . The additional effect of a prolonged soil moisture conservation by means of a straw mulch (B 3 ), is demonstrated by the 296,4% and 26,1% higher yield obtained with this treatment, as compared to the sward (B6) and chemical weed control (B4) treatments, respectively.
The 1976/77 growing season was marked by the exceptionally cool and wet summer months November and December (Van Huyssteen & Weber, 1980b) , i.e. during the important flowering and green-berry stages. This unfavourable weather condition at this growth stage of the vines, is generally assumed to be the cause of yield depressions, as were actually found on the shallow (B 1 ) and deep (B 2 ) trench furrow, as well as clean cultivation Van Huyssteen & Weber (1980b) , it appears that the straw mulch (B3) and, to a lesser extent, also the herbicide (BJ treatments were capable of conserving the summer rain more efficiently and for a longer period than the conventional tillage treatments, and that the sward (B6) treatment had, at least, the highest infiltration rate. It must have been the benefit of this additional amount of available water in the straw mulch, herbicide and the otherwise very dry sward plots, therefore, that helped the vines to overcome the after-effects of a detrimental factor, as, e.g., a cool-wet period during an important physiological growth phase, and to respond with better yields than under conventional tillage practices. Taking the yield of the clean cultivation (B5) treatment as control (Table 4 ), it appears that in all except the first two seasons, the shallow trench furrow (B 1) treatment yielded lower than the control, although not statistically significant. This indicates that this treatment has no additional benefits over and above clean cultivation except to get rid of prunings. However, the deep trench furrow· (B 2 ) treatment fared a bit better than Bh and gave yields that compare well with those of the control. This result points to some beneficial effect of the B2 treatment on soil physical conditions, and is probably due to the combined effect of the deeper loosening of the soil and the counteracting of subsoil compaction.
Treatment effects on quality factors in musts: Results presented so far indicate that the straw mulch (B3) treatment induced the most favourable, and the sward (B6) the most unfavourable plant responses. Regarding the must quality factors, Table 5 shows that B3 produced the lowest, and Bs the highest mean and seasonal total soluble solids (TSS) contents in the grapes at the date of harvest. Up to the 1974/75 season there were no statistically significant differences between treatments. The sward (B 6 ) treatment produced a significantly higher TSS content than the straw mulch (B3) treatment in the 1975/76, 1976/77 and 1977/78 seasons, as well as over the total of six seasons. Although the straw mulch cover (B 3 ) and herbicide application (BJ induced higher total titratable acid contents in the musts than the other treatments, these differences were not significant. The grapes from the Bh B 2 , B 3 , B4 and Bs treatments would have reached the same TSS contents if they were picked later, but then they would not have been harvested at optimum maturity with regard to the sugar/acid ratio, as specified by Du Plessis (1977). 
The effect of treatments on wine quality: The sensory evaluation results of experimental wines made from grapes harvested on treatment plots B1 (shallow trench furrow), B3 (straw mulch) and B6 (sward) are presented in Table 6 . During the wine-making seasons of 1975 and 1976, "quality wines" were obtained from grapes of the B1 and B3 plots but B6 wines were unacceptable and inferior because of incomplete fermentation. Stuck fermentation was first observed in the 1974 harvest year (1973/74 season) in musts from the sward (B6) treatment plots. At first, the N-content of the leaves was thought to be a sensitive indicator of the N-content of the vines. Although the results were not statistically significant, the leaves of vines on the B6 treatment plots contained 13,8%, 18,2% and 6,3% less nitrogen than other leaves from the B3 plots for the 1973 /74, 1974 /75 and 1975 /76 growing seasons. However, after the 1975 season the musts were also analysed for total nitrogen content, and it was found that the nitrogen status in the vines was indicated more sensitively in the must than in the leaves. Results of total nitrogen concentration determinations on musts during three seasons are given in Table 7 , which also shows, in accordance with the leaf analyses of the previous years, that musts of the B6 treatment contained the lowest nitrogen. Agenbach (1977) found that the addition of inorganic nitrogen to the stuck-prone musts of the B6 treatment ensured proper fermentation. The same author reported that to ensure sufficient yeast growth for complete fermentation a must of 20 to 23 °B at 25 °e, the minimum assimilable nitrogen requirement was approximately 130 mg/ t juice. The low N-content in the B6 grape musts, therefore, explains the fermentation problems encountered with these musts. The better nitrogen nutrition in 1977 and 1978 may be ascribed to the "wet" 1976/77 growing season which, amongst others, could have given rise to a more thorough mineralization of organic matter in the soil, leading to smaller differences between B3 and B 6 , as is shown by the nitrogen concentrations of the musts in Table 7 .
The relatively low nitrogen contents of both leaves and musts of the permanent sward (B 6 ) treatment were apparently caused by the weeds which competed with the vines for nutrients and water. In addition, it should be pointed out that all plots received the same amount of fertilizer calculated for a production level of 10 t/ha. Therefore B 6 , having produced only 3,4 t/ha, was grossly over-fertilized in comparison with the straw mulch (B3) and herbicide (BJ treatments, and should therefore have had a higher N concentration.
These results clearly suggest that the reduced growth observed as a result of moderate water deficits may arise from a disturbance in mineral nutrition, as well as the direct effects of water deficits. Nutrient levels in the field are usually highest in the top soil layer, but this is the first part of the solum to dry out in a drying cycle. Although the plants may have roots penetrating the deeper and moister part of the solum, the inaccessibility of nutrients in the dry surface soil layer may limit growth, and yield more than the soil moisture deficit per se. This was well illustrated in a study reported by Garwood & Williams (1967) .
Partial cost/benefit assessment of the treatments: In Table 8 a partial economical comparison of the net results of the different treatments was attempted. The clean cultivation (B6) treatment acted as control against which the various costs and yields could be measured in terms of monetary values prevailing during winter, 1977.
According to these results, the viticulturally most favourable treatment, viz. straw mulch (B 3 ), appears not to be economically feasible due to the high straw prices in all seasons (R2 900/ha as total for seven seasons), which could not be compensated for by the high yields obtained. If it were possible to reduce the costs of straw by, for instance, growing crops in the vineyard which can produce the material needed for a mulch cover, this treatment would be economically feasible. Nearly equally economically unfavourable was the shallow trench furrow (B 1 ) cultivation with a calculated loss of R417/ha compared to the control. It would, therefore, seem that no merits are to be found in this tillage practice. The deep trench-furrow (B z ) cultivation resulted in a gain of R503/ha, whereas the application of herbicides (B 4 ) rendered the highest profit, viz. R653/ha over the whole observation period. This favourable balance proves that chemical weed elimination was not only viticulturally but also economically much a There were seven seasons of cultivation (the first for soil preparation) and six harvests. b Calculation based on a minimum price of R125/t for good Chenin blanc grapes. C The prices of June, 1977, were used for this calculation.
more successful than mechanical weed control (B 2 & B5)' The permanent sward (B6) treatment was the most unfavourable of all treatments, viticulturally and economically. It showed a comparatively huge net loss of R3 762/ha, which was mainly due to the very low yields obtained.
CONCLUSION
Results showed irrefutably that a vineyard under dryland conditions must be free of weed competition during the growing season of the vines. These weeds must be eliminated as competitors before budburst. Practices in which weeds and/or cover crops are only controlled, but not killed, will result in a serious decrease in vegetative growth and yield.
It may, however, also be concluded that under the conditions of this experiment, the technically highly favoured straw mulch treatment is, for reasons of economy, much less feasible than chemical weed elimination. The application of herbicides is not only more practical but rendered also, on a monetary basis, the highest net gain of all treatments, which makes this no-tillage practice very attractive in both respects, technically and economically. On the other hand, the surprising economical results from the conventional tillage practices B2 (deep furrow trenching) and, though only very moderately, also clean cultivation (B 5 ), prove that not all mechanical cultivation methods should be rejected, because some may still be technically efficient as well as economical if the use of implements could be reduced to a practical minimum, and provided weed control is adequate.
